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1. Introduction
A quantizable action has recently been proposed for the superstring in an AdS5 × S
5
background with Ramond-Ramond flux [1]. This action is closely related to the AdS2×S
2
and AdS3× S
3 actions of [2] [3] [4], and differs from the Green-Schwarz action of Metsaev
and Tseytlin [5] in that quantization is straightforward using a BRST charge constructed
out of the fermionic constraints and a pure spinor. Physical vertex operators can be
described in a manifestly spacetime-supersymmetric manner as states in the cohomology of
this BRST charge [1][6]. In an AdS3×S
3 background with Ramond-Ramond flux, physical
vertex operators corresponding to on-shell fluctuations of the AdS3×S
3 background were
explicitly constructed by Dolan and Witten in [7]. In this paper, we shall generalize their
construction to the AdS5 × S
5 background. The resulting AdS5 × S
5 vertex operators
will closely resemble the massless Type IIB vertex operators in a flat ten-dimensional
background.
In a flat background, the massless Type IIB vertex operators in the pure spinor formal-
ism for the superstring are constructed using a bispinor superfield, A
βγ̂
(x, θ, θ̂), satisfying
the equations of motion and gauge invariances
γαβmnpqrDαAβγ̂ = γ
α̂γ̂
mnpqrDα̂Aβγ̂ = 0, (1.1)
δA
βγ̂
= DβΩ̂γ̂ + D̂γ̂Ωβ with γ
αβ
mnpqrDαΩβ = γ
α̂γ̂
mnpqrDα̂Ω̂γ̂ = 0,
where Dα =
∂
∂θα
+ (γmθ)α∂m and Dα̂ =
∂
∂θ̂α̂
+ (γmθ̂)
α̂
∂m are the supersymmetric deriva-
tives of flat N = 2 D = 10 superspace and γmαβ are the symmetric 16 × 16 SO(9,1) Pauli
matrices.3 As will be reviewed in section 2, the components of A
αβ̂
which satisfy (1.1)
describe the linearized on-shell Type IIB supergravity fields.
As will be shown in section 3, the vertex operators for on-shell fluctuations around the
AdS5 × S
5 background can also be constructed using a bispinor superfield, A
βγ̂
(x, θ, θ̂),
which now must satisfy the equations of motion and gauge invariances
γαβmnpqr∇αAβγ̂ = γ
α̂γ̂
mnpqr∇α̂Aβγ̂ = 0, (1.2)
3 Throughout this paper, we shall use the notation α and α̂ to represent the two real sixteen-
component Majorana-Weyl spinors of N = 2 D = 10 superspace. Although they transform as
the same SO(9,1) representation for the Type IIB superstring, it will be convenient to use two
separate labels for the two different spinors.
1
δA
βγ̂
= ∇βΩ̂γ̂ +∇γ̂Ωβ with γ
αβ
mnpqr∇αΩβ = γ
α̂γ̂
mnpqr∇α̂Ω̂γ̂ = 0,
where ∇α and ∇α̂ are the covariant supersymmetric derivatives in the AdS5 × S
5 super-
space background. Note that in a generic Type IIB supergravity background, the equa-
tions of motion and gauge invariances of (1.2) would be inconsistent because {∇α,∇β̂}
is non-vanishing. Although this anti-commutator is also non-vanishing in the AdS5 × S
5
background, the symmetrical structure of {∇α,∇β̂} in the AdS5×S
5 background is enough
to make (1.2) consistent.
It is sometimes convenient to choose a gauge in which the vertex operator is a world-
sheet primary field. In a flat background, the bispinor superfield A
βγ̂
satisfies in this
gauge
∂n∂
nA
αβ̂
= 0, ∂nA
nβ̂
= ∂nAαn = 0, (1.3)
δA
βγ̂
= ∇βΩ̂γ̂ +∇γ̂Ωβ with ∂n∂
nΩβ = ∂n∂
nΩ̂
γ̂
= ∂nΩn = ∂
nΩ̂n = 0
where A
mγ̂
= 1
16
γαβm DαAβγ̂ , Aαm =
1
16
γβ̂γ̂m Dβ̂Aαγ̂, Ωm =
1
16
γαβm DαΩβ, Ω̂m =
1
16γ
α̂β̂
m Dα̂Ω̂β̂ . As will be shown in section 4, there exists an analogous gauge choice in
the AdS5 × S
5 background in which the bispinor superfield A
βγ̂
satifies
∇B∇
BA
αβ̂
= 0, ∇BA
Bβ̂
= ∇BAαB = 0, (1.4)
δA
βγ̂
= ∇βΩ̂γ̂ +∇γ̂Ωβ with ∇B∇
BΩβ = ∇B∇
BΩ̂
γ̂
= ∇BΩB = ∇
BΩ̂B = 0
where B ranges over all tangent-space indices of the super Lie-algebra of PSU(2, 2|4). The
equations of (1.4) are manifestly invariant under the AdS isometries and reduce in the flat
limit to the equations of (1.3).
2. Massless Vertex Operators in a Flat Background
In this section, we review the construction of massless vertex operators for the Type
IIB superstring in a flat background using the pure spinor formalism. We will first review
the manifestly super-Poincare´ invariant worldsheet action and will then discuss the physical
massless vertex operators.
2
2.1. Worldsheet action in a flat background
In a flat background, the worldsheet action in conformal gauge in this formalism is
S =
∫
d2z[
1
2
∂xm∂xm + pα∂θ
α + p̂
α̂
∂θ̂α̂] + Sλ + Sλ̂. (2.1)
where m = 0 to 9, α and α̂ = 1 to 16, and Sλ and Sλ̂ are the worldsheet free-field actions
4
for an independent left and right-moving spinor variable, λα and λ̂α̂, satisfying the pure
spinor conditions
λγmλ = 0 and λ̂γmλ̂ = 0 for m = 0 to 9. (2.2)
Note that all unhatted worldsheet variables (except for xm) in (2.1) are left-moving and
all hatted worldsheet variables are right-moving.
The free-field action of (2.1) is manifestly invariant under N = 2 D = 10 spacetime-
supersymmetry and it is convenient to define the following spacetime-supersymmetric com-
binations of the worldsheet fields,
dα = pα − (Π
m −
1
2
θγm∂θ)(γmθ)α, Π
m = ∂xm + θγm∂θ, (2.3)
d̂
α̂
= p̂
α̂
− (Π̂m −
1
2
θ̂γm∂θ̂)(γmθ̂)α̂, Π̂
m = ∂xm + θ̂γm∂θ̂,
which satisfy the OPE’s
dα(y)dβ(z)→ −2γ
m
αβ(y − z)
−1Πm, d̂α̂(y)d̂β̂(z)→ −2γ
m
α̂β̂
(y − z)−1Π̂m. (2.4)
2.2. Physical massless vertex operators
Physical states in the pure spinor formalism are defined as vertex operators of ghost-
number (1, 1) in the cohomology of the nilpotent BRST-like charges
Q =
∮
dzλαdα and Q =
∮
dzλ̂α̂d̂
α̂
, (2.5)
where λα and λ̂α̂ carry ghost-number (1, 0) and (0, 1) respectively. The massless states
are constructed from zero modes only and are therefore represented by the vertex operator
4 Although an explicit construction of Sλ and S
λ̂
requires breaking SO(9,1) to a subgroup, the
OPE’s of λα and λ̂α̂ with their Lorentz currents Nmn and N̂mn are manifestly SO(9,1) covariant.
This allows all vertex operator and scattering amplitude computations to be manifestly SO(9,1)
super-Poincare´ covariant[1].
3
U = λβ λ̂γ̂A
βγ̂
(x, θ, θ̂) where A
βγ̂
(x, θ, θ̂) is a bispinor N = 2 D = 10 superfield which
depends only on the worldsheet zero modes of xm, θα and θ̂α̂.
The cohomology condition for a physical vertex operator U is that it satisfies the
equations and gauge invariances5
QU = QU = 0, (2.6)
δU = QΛ+QΛ̂ with QΛ = QΛ̂ = 0.
Applying these conditions to U = λβ λ̂γ̂A
βγ̂
where Λ = λ̂α̂Ω̂
α̂
and Λ̂ = λαΩα, and using
that pure spinors satisfy
λαλβ =
1
1920
(λγmnpqrλ)γαβmnpqr and λ̂
α̂λ̂β̂ =
1
1920
(λ̂γmnpqrλ̂)γα̂β̂mnpqr, (2.7)
one finds that A
βγ̂
must satisfy the conditions
γαβmnpqrDαAβγ̂ = γ
α̂γ̂
mnpqrDα̂Aβγ̂ = 0, (2.8)
δA
βγ̂
= DβΩ̂γ̂ +Dγ̂Ωβ with γ
αβ
mnpqrDαΩβ = γ
α̂γ̂
mnpqrDα̂Ω̂γ̂ = 0,
where Dα =
∂
∂θα
+ (γmθ)α∂m and Dα̂ =
∂
∂θ̂α̂
+ (γmθ̂)
α̂
∂m are the supersymmetric deriva-
tives of flat N = 2 D = 10 superspace. Note that QΦ = λαDαΦ and QΦ = λ̂
α̂D
α̂
Φ for
any superfield Φ(λ, λ̂, x, θ, θ̂).
It will now be shown that the conditions of (2.8) correctly reproduce the Type IIB
supergravity spectrum. The easiest way to check this is to use the fact that closed su-
perstring vertex operators can be understood as the left-right product of open superstring
vertex operators. The massless open superstring vertex operator is described by an N = 1
D = 10 spinor superfield Aβ(x, θ) satisfying the conditions
γαβmnpqrDαAβ(x, θ) = 0, δAβ(x, θ) = DβΩ(x, θ). (2.9)
The conditions of (2.9) imply the super-Maxwell spectrum [8] since there exists a gauge
choice such that
Aβ(x, θ) = (γ
mθ)βam(x) + (θγ
mnpθ)(γmnpξ(x))β + ... (2.10)
5 For the ordinary closed bosonic string with the standard definitions of Q and Q, these
cohomology conditions reproduce the usual physical spectrum for states with non-zero momentum.
For zero momentum states, there are additional subtleties associated with the b0 − b0 condition
which will be ignored in the discussion of this paper.
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where am(x) and ξ
α(x) satisfy the super-Maxwell equations ∂m(∂man − ∂nam) =
∂m(γ
mξ)α = 0 and where ... contains only auxiliary fields.
Similarly, the equations of (2.8) imply that there exists a gauge choice such that
A
βγ̂
(x, θ, θ̂) = (γmθ)β(γ
nθ̂)
γ̂
hmn(x) + (γ
mθ)β(θ̂γ
pqrθ̂)(γpqrψ̂m(x))γ̂ (2.11)
+(θγpqrθ)(γmθ̂)
γ̂
(γpqrψm(x))β + (θγmnpθ)γ
mnp
βα (θ̂γqrsθ̂)γ
qrs
γ̂δ̂
Fαδ̂(x) + ...
where ... contains only auxiliary fields and where hmn(x), ψ
α
m(x), ψ̂
α̂
m(x) and F
αδ̂(x) satisfy
the equations
∂m(∂mhpn − ∂phmn) = ∂
m(∂mhpn − ∂nhpm) = 0, (2.12)
∂m(∂mψ
α
n − ∂nψ
α
m) = ∂
m(∂mψ̂
α̂
n − ∂nψ̂
α̂
m) = 0, ∂n(γ
nψm)α = ∂n(γ
nψ̂m)α̂ = 0,
γnαβ∂nF
βγ̂ = γn
γ̂δ̂
∂nF
αδ̂ = 0.
The equations of (2.12) are those of linearized Type IIB supergravity where hmn describes
the dilaton, graviton and anti-symmetric two-form, ψαm and ψ̂
α̂
m describe the two gravitini
and dilatini, and Fαδ̂ describes the Ramond-Ramond field strengths.
3. Vertex Operator in AdS5 × S
5 Background
In this section, it will be shown how to generalize the equations of (2.8) in an AdS5×S
5
background. We shall first discuss the superstring action in an AdS5×S
5 background and
will then discuss the physical vertex operators which describe on-shell fluctuations of this
background.
3.1. Action in AdS5 × S
5 background
In an AdS5 × S
5 background with Ramond-Ramond flux, the worldsheet action for
the superstring in the pure spinor formalism is
S =
∫
d2z[
1
2
(ηcdJ
cJ
d
+ ηc′d′J
c′J
d′
) + δ
αβ̂
(3J β̂J
α
− JαJ
β̂
) (3.1)
+NcdJ
[cd]
+Nc′d′J
[c′d′]
+ N̂cdJ
[cd] + N̂c′d′J
[c′d′] +
1
2
(NcdN̂
cd −Nc′d′N̂
c′d′)] + Sλ + Sλ̂
where JA = (g−1∂g)A and J
A
= (g−1∂g)A are left-invariant currents constructed from
the supergroup element g(x, θ, θ̂) ∈ PSU(2, 2|4), [N cd, N c
′d′ ] and [N̂ cd, N̂ c
′d′ ] are the
5
SO(4, 1)×SO(5) components of the Lorentz current for λα and λ̂α̂, and Sλ and Ŝλ̂ are the
same as in (2.1). The indices (c, [cd], c′, [c′d′], α, α̂) range over the tangent space indices
of the super-Lie algebra of PSU(2, 2|4) where (c, [cd]) describe the SO(4,2) isometries of
AdS5 with c = 0 to 4, and (c
′, [c′d′]) describe the SO(6) isometries of S5 with c′ = 5 to
9. It will be convenient to preserve the notation α and α̂ for the two sixteen-component
Majorana-Weyl spinors, but unlike the flat case, one can now contract an α index with
an α̂ index in an SO(4, 1) × SO(5) invariant manner using the matrix δαα̂ = γαα̂01234 and
δ
αα̂
= γ01234
αα̂
. The non-vanishing structure constants fCAB of the PSU(2, 2|4) algebra are
f
c
αβ = 2γ
c
αβ, f
c
α̂β̂
= 2γ
c
αβ, (3.2)
f
[ef ]
αβ̂
= f
[ef ]
β̂α
= (γef)α
γδ
γβ̂
, f
[e′f ′]
αβ̂
= f
[e′f ′]
β̂α
= −(γe
′f ′)α
γδ
γβ̂
,
f β̂αc = −f
β̂
cα =
1
2
(γc)αβδ
ββ̂, f
β
α̂c
= −fβ
cα̂
= −
1
2
(γc)α̂β̂δ
ββ̂ ,
f
[ef ]
cd = δ
[e
c δ
f ]
d , f
[e′f ′]
c′d′ = −δ
[e′
c′ δ
f ′]
d′ ,
f
[gh]
[cd][ef ] = ηceδ
[g
d δ
h]
f − ηcfδ
[g
d δ
h]
e + ηdfδ
[g
c δ
h]
e − ηdeδ
[g
c δ
h]
f
f
f
[cd]e = −f
f
e[cd] = ηe[cδ
f
d], f
β
[cd]α = −f
β
α[cd] =
1
2
(γcd)α
β, f
β̂
[cd]α̂
= −f β̂
α̂[cd]
=
1
2
(γcd)α̂
β̂ ,
where c signifies either c or c′ and [cd] signifies either [cd] or [c′d′].
The action of (3.1) was derived in [1] by plugging the background values of the
AdS5 × S
5 superfields into the sigma model action for the superstring in a generic Type
II background, and integrating out the dα and d̂α̂ worldsheet fields as in [2][3][4].
6 This
action is invariant under δg = Mg + gΩ(x, θ, θ̂) where M is a global PSU(2, 2|4) trans-
formation and Ω(x, θ, θ̂) is a local SO(4, 1)× SO(5) transformation which also rotates the
pure spinors as
δλα =
1
2
Ω[cd](γcdλ)
α, δλ̂α̂ =
1
2
Ω[cd](γcdλ̂)
α̂, (3.3)
so g(x, θ, θ̂) can be defined to take values in the coset supergroup PSU(2,2|4)
SO(4,1)×SO(5) .
6 The 1
2
(N cdN̂cd − Nc′d′N̂
c′d′) term in (3.1) comes from RcdefN
cdN̂
ef where Rcdef is the
background Riemann tensor, and was mistakenly omitted in [1]. The need for such a term was
first pointed out by Bershadsky [9] based on one-loop conformal invariance arguments. Also, we
have changed our normalization of the second term in (3.1) so that our PSU(2, 2|4) structure
constants agree with those of [5].
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The first line of (3.1) is the ten-dimensional version of the action proposed in [3] for
AdS2 × S
2. As discussed in [3], it is one-loop conformally invariant and differs from the
action of Metsaev and Tseytlin [5] in that κ-symmetry is replaced by the condition that
the currents J α̂ and J
α
are “covariantly” holomorphic and anti-holomorphic. In other
words, the equations of motion from the first line imply that [3]
∂J α̂ =
1
2
[J
[cd]
(γcdJ)
α̂ + J
[c′d′]
(γc′d′J)
α̂] and ∂J
α
=
1
2
[J [cd](γcdJ)
α + J [c
′d′](γc′d′J)
α].
(3.4)
The second line of (3.1) is necessary so that the currents δ
αα̂
λαJ α̂ and δ
αα̂
λ̂α̂Jα satisfy
∂(δ
αα̂
λαJ α̂) = 0 and ∂(δ
αα̂
λ̂α̂Jα) = 0, (3.5)
which will be used later for constructing the AdS versions of the BRST charges Q and Q.
To prove (3.5), first note that the equations of motion for λα and λ̂α̂ are
∂λα = (
1
2
J
[cd]
+
1
4
N̂ cd)(γcdλ)
α + (
1
2
J
[c′d′]
−
1
4
N̂ c
′d′)(γc′d′λ)
α, (3.6)
∂λ̂α̂ = (
1
2
J [cd] +
1
4
N cd)(γcdλ̂)
α̂ + (
1
2
J [c
′d′] −
1
4
N c
′d′)(γc′d′ λ̂)
α̂.
If one includes the contribution from the second line, the equations of motion of (3.4) for
J α̂ and J
α
get modified to
∂J α̂ =
1
2
[J
[cd]
(γcdJ)
α̂ + J
[c′d′]
(γc′d′J)
α̂] (3.7)
+
1
4
[N̂ cd(γcdJ)
α̂ − N̂ c
′d′(γc′d′J)
α̂ +N cd(γcdJ)
α̂ −N c
′d′(γc′d′J)
α̂],
∂J
α
=
1
2
[J [cd](γcdJ)
α + J [c
′d′](γc′d′J)
α]
+
1
4
[N cd(γcdJ)
α −N c
′d′(γc′d′J)
α + N̂ cd(γcdJ)
α − N̂ c
′d′(γc′d′J)
α].
Putting (3.6) and (3.7) together, one finds
∂(δ
αα̂
λαJ α̂) = −
1
4
(N cd(γcdλ)
α −N c
′d′(γc′d′λ)
α)δ
αα̂
J
α̂
, (3.8)
∂(δ
αα̂
λ̂α̂Jα) = −
1
4
(N̂ cd(γcdλ̂)
α̂ − N̂ c
′d′(γc′d′ λ̂)
α̂)δ
αα̂
Jα.
It will now be argued that the right-hand sides of these two equations vanish. As
was explained in [1], one can write the Lorentz currents as N cd = 12(λγ
cdw) and N̂ cd =
7
1
2 (λ̂γ
cdŵ) where wα and ŵα̂ are the conjugate momenta to λ
α and λ̂α̂. And since λαλβ =
1
1920(λγ
mnpqrλ)γαβmnpqr and λ̂
α̂λβ̂ = 11920(λγ
mnpqrλ)γα̂β̂mnpqr, the right-hand sides of (3.8)
are proportional to
γcdγmnpqrγ
cd − γc′d′γmnpqrγ
c′d′ . (3.9)
But one can easily check that (3.9) vanishes for any choice of the five-form directionmnpqr,
implying that (3.5) is satisfied. The vanishing of (3.9) will also later be used to argue that
the BRST charges Q and Q anti-commute.
3.2. Physical vertex operators
Since δ
αα̂
λαJ α̂ and δ
αα̂
λ̂α̂Jα are holomorphic and anti-holomorphic, one can construct
the conserved charges
Q =
∮
dzδ
αα̂
λαJ α̂, and Q =
∮
dzδ
αα̂
λ̂α̂J
α
, (3.10)
which will be used to define physical vertex operators in the AdS5 × S
5 background as
was done for the flat background in section 2. On-shell fluctuations around the AdS5×S
5
background are therefore described by vertex operators of the form U = λaλ̂α̂A
αα̂
(x, θ, θ̂)
satisfying (2.6) where Q and Q are defined in (3.10).
To evaluate the implications of (2.6), one has to know the OPE’s of Q and Q. Instead
of trying to directly compute these OPE’s using the action of (3.1), it will be simpler to
deduce them from the requirement that they preserve the AdS isometries and that they
reduce correctly in the flat limit. As will be argued below, when acting on a ghost-number
(M,N) vertex operator Φ = λα1 ...λαM λ̂β̂1 ...λ̂β̂NA
α1...αM β̂1...β̂N
(x, θ, θ̂),
QΦ = λκλα1 ...λαM λ̂β̂1 ...λ̂β̂N∇κAα1...αM β̂1...β̂N
and (3.11)
QΦ = λα1 ...λαM λ̂κ̂λ̂β̂1 ...λ̂β̂N∇
κ̂
A
α1...αM β̂1...β̂N
where ∇α = E
M
α (∂M + ωM ) and ∇α̂ = E
M
α̂
(∂M + ωM ) are the covariant supersymmetric
derivatives in the AdS5 × S
5 background, and EMB and ωM are the super-vierbein and
spin connection in the AdS5×S
5 background with B ranging over the tangent-superspace
indices (c, α, α̂) and M ranging over the curved superspace indices (m,µ, µ̂). One can
express EMB and ωM in terms of the coset elements g(x, θ, θ̂) by defining E
M
B = (E
B
M)
−1
and ω
[cd]
M = E
[cd]
M where (g
−1dg)B = EBMdX
M for XM = (xm, θµ, θ̂µ̂).
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To justify (3.11), one can check that it is the unique definition which preserves all AdS
isometries and reduces to QΦ = λαDαΦ and QΦ = λ̂
α̂D
α̂
Φ in the flat limit. Furthermore,
(3.11) is consistent with the nilpotency conditions Q2 = Q
2
= {Q,Q} = 0. The conditions
Q2Φ = Q
2
Φ = 0 follow from the fact that γαβmnpqr{∇α,∇β} = γ
α̂β̂
mnpqr{∇α̂,∇β̂} = 0.
Although {∇α,∇β̂} is non-vanishing, its symmetrical structure allows {Q,Q}Φ to vanish
since
{Q,Q}Φ = λκλ̂τ̂λα1 ...λαM λ̂β̂1 ...λ̂β̂N {∇κ,∇τ̂}Aα1...αM β̂1...β̂N
(3.12)
= λκλ̂τ̂λα1 ...λαM λ̂β̂1 ...λ̂β̂N ((γcd)κ
σδ
στ̂
∇[cd] − (γ
c′d′)κ
σδ
στ̂
∇[c′d′])Aα1...αM β̂1...β̂N
, (3.13)
where ∇[cd] acts as a Lorentz rotation in the [cd] direction on the M +N spinor indices of
A
α1...αM β̂1...β̂N
, i.e.
∇[cd]Aα1...αM β̂1...β̂N
=
1
2
[(γcd)α1
γA
γα2...β̂N
+(γcd)α2
γA
α1γα3...β̂N
+...+(γcd)β̂N
γ̂A
α1...β̂N−1γ̂
].
(3.14)
But since all indices of A
α1...αM β̂1...β̂N
are contracted with either λα or λ̂α̂, one can use
(2.7) to argue that all terms in (3.13) are proportional to (3.9) which identically vanishes.
So {Q,Q}Φ = 0 as desired.
Using (3.11), (2.6) implies that the bispinor superfield A
αβ̂
(x, θ, θ̂) in the physical
vertex operator U = λαλ̂β̂A
αβ̂
must satisfy the equations of motion and gauge invariances
γαβmnpqr∇αAβγ̂ = γ
α̂γ̂
mnpqr∇α̂Aβγ̂ = 0, (3.15)
δA
βγ̂
= ∇βΩ̂γ̂ +∇γ̂Ωβ with γ
αβ
mnpqr∇αΩβ = γ
α̂γ̂
mnpqr∇α̂Ω̂γ̂ = 0.
Although one could do a component analysis to check that (3.15) correctly describes the
on-shell fluctuations around the AdS5 × S
5 background, this is guaranteed to work since
(3.15) are the unique equations of motion and gauge invariances which are invariant under
the AdS isometries and which reduce to the massless Type IIB supergravity equations of
(2.8) in the flat limit.
4. Primary Vertex Operators
It is sometimes convenient to choose a gauge for physical vertex operators such that
they are dimension zero worldsheet primary fields, i.e. they have no double poles with the
stress tensor. For the ordinary closed bosonic string, this is the gauge where b0U = b0U =
0. In the pure spinor formalism, there is no natural candidate for the b ghost, so one needs
to analyze the stress-tensor to find this gauge-fixing condition. This will be done first in a
flat background and then in the AdS5 × S
5 background.
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4.1. Primary vertex operators in a flat background
In a flat background, the left and right-moving stress tensors are
T =
1
2
∂xm∂xm + pα∂θ
α + Tλ and T =
1
2
∂xm∂xm + p̂α̂∂̂θ
α̂ + T
λ̂
, (4.1)
where Tλ and T λ̂ are the c = 22 stress-tensors constructed from the pure spinor variables
λα and λ̂α̂ [1]. When acting on the massless vertex operator U = λαλ̂β̂A
αβ̂
(x, θ, θ̂), the
condition of no double poles with T or T implies that ∂m∂
mA
αβ̂
= 0. Furthermore, the
on-shell conditions of (1.1) imply that ∂m(∂mAnβ̂ − ∂nAmβ̂) = ∂
m(∂mAαn − ∂nAαm) = 0
where A
mγ̂
= 116γ
αβ
m DαAβγ̂ and Aαm =
1
16γ
β̂γ̂
m Dβ̂Aαγ̂. So the gauge-fixed equations for
A
αβ̂
are
∂m∂mAαβ̂ = 0, ∂
mA
mβ̂
= ∂mAαm = 0. (4.2)
Under the gauge transformation δA
βγ̂
= DβΩ̂γ̂ + D̂γ̂Ωβ , δAmβ̂ = ∂mΩ̂β̂ −Dβ̂Ωm and
δAαm = ∂mΩα−DαΩ̂m where Ωm =
1
16γ
αβ
m DαΩβ and Ω̂m =
1
16γ
α̂β̂
m Dα̂Ωβ̂ . So the residual
gauge transformations which leave (4.2) invariant are
δA
βγ̂
= DβΩ̂γ̂ +Dγ̂Ωβ with ∂m∂
mΩβ = ∂m∂
mΩ̂
β̂
= ∂mΩm = ∂
mΩ̂m = 0. (4.3)
The conditions of (4.2) and (4.3) will now be generalized in an AdS5 × S
5 background.
4.2. Primary vertex operators in an AdS5 × S
5 background
In the AdS5×S
5 background, the left and right-moving stress tensors associated with
the action of (3.1) are
T =
1
2
(ηcdJ
cJd + ηc′d′J
c′Jd
′
)− 4δ
αβ̂
JαJ β̂ +NcdJ
[cd] +Nc′d′J
[c′d′] + Tλ, (4.4)
T =
1
2
(ηcdJ
c
J
d
+ ηc′d′J
c′
J
d′
)− 4δ
αβ̂
J
α
J
β̂
+ N̂cdJ
[cd]
+ N̂c′d′J
[c′d′]
+ T
λ̂
where Tλ and T λ̂ are defined as in (4.1). As was done earlier with Q and Q, instead of
directly computing the OPE’s of T and T , it will be simpler to deduce them from the
requirements that they preserve the AdS isometries and reduce correctly in the flat limit.
When acting on the physical vertex operator U = λαλ̂β̂A
αβ̂
(x, θ, θ̂), the condition of
no double poles with T or T implies that
∇B∇
BA
αβ̂
(x, θ, θ̂) = 0 (4.5)
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where ∇B∇
B = ηBC∇B∇C , B = (c, [cd], α, α̂) ranges over all tangent space indices of
PSU(2, 2|4), ∇B = E
M
B (∂M + ωM ) are the covariant derivatives in the AdS5 × S
5 back-
ground when B = (c, c′, α, α̂), and ∇[cd] acts as a Lorentz rotation in the cd direction on
all tangent space indices. The only non-zero components of ηBC are
ηαβ̂ = −ηβ̂α = −
1
4
δαβ̂ , η[cd][ef ] = −
1
4
ηc[eηf ]d, η[c
′d′][e′f ′] =
1
4
ηc
′[e′ηf
′]d′ , (4.6)
and ηcd is the SO(1, 9) Minkowski metric. Note that [∇A,∇B} = f
C
AB∇C where f
C
AB are
the PSU(2, 2|4) structure constants defined in (3.2), and [∇B∇
B ,∇C ] = 0 for all C. In
the flat limit, ∇B∇
B reduces to ∂n∂
n since ηcd is the only surviving component of ηBC .
To find the AdS5 × S
5 analog of (4.2), it will be convenient to define A
Bγ̂
by
A
cγ̂
=
1
16
γαβc ∇αAβγ̂ , Aα̂γ̂ =
1
5
δβδ̂[γc
α̂δ̂
(∇cAβγ̂−∇βAcγ̂)+γ
c′
α̂δ̂
(∇c′Aβγ̂−∇βAc′γ̂)], (4.7)
A
[cd]̂γ
= ∇cAdγ̂ −∇dAcγ̂ , A[c′d′ ]̂γ = −∇c′Ad′γ̂ +∇d′Ac′γ̂ .
Under the gauge transformation δA
αβ̂
= ∇αΩ̂β̂+∇β̂Ωα, one can check thatABβ̂ transforms
as
δA
Bβ̂
= ∇BΩ̂β̂ − (−1)
(B)∇
β̂
ΩB + (−1)
(E)fD
Cβ̂
ηCEηBDΩE (4.8)
where (B) = 0 if B is a bosonic index, (B) = 1 if B is a fermionic index, and
Ωc =
1
16
γαβc ∇αΩβ, Ωγ̂ =
1
5
δβδ̂[γc
α̂δ̂
(∇cΩβ −∇βΩc) + γ
c′
α̂δ̂
(∇c′Ωβ −∇βΩc′)], Ω[cd] = 0.
(4.9)
One can similarly define AαB as
Aγc =
1
16
γα̂β̂c ∇α̂Aγβ̂ , Aγα =
1
5
δδβ̂ [γcαδ(∇cAγβ̂ −∇β̂Aγc) + γ
c′
αδ(∇c′Aγβ̂ −∇β̂Aγc′)],
(4.10)
Aγ[cd] = ∇cAγd −∇dAγc, A[c′d′ ]̂γ = −∇c′Aγd′ +∇d′Aγc′ ,
which transforms as
δAαB = ∇BΩα − (−1)
(B)∇αΩ̂B + (−1)
(E)fDCαη
CEηBDΩ̂E where (4.11)
Ω̂c =
1
16
γα̂β̂c ∇α̂Ω̂β̂ , Ω̂α =
1
5
δδβ̂[γcαδ(∇cΩ̂β̂ −∇β̂Ω̂c) + γ
c′
αδ(∇c′Ω̂β̂ −∇β̂Ω̂c′)], Ω̂[cd] = 0.
(4.12)
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Then the unique conditions on A
αβ̂
which preserve the AdS isometries and which
reduce to (4.2) in the flat limit are
∇B∇BAαβ̂ = 0, ∇
BA
Bβ̂
= ∇BAαB = 0. (4.13)
Furthermore, using the gauge transformations of (4.8) and (4.11) one can check that these
conditions are invariant under the residual gauge transformations
δA
βγ̂
= ∇βΩ̂γ̂ +∇γ̂Ωβ with ∇B∇
BΩα = ∇B∇
BΩ̂
α̂
= ∇BΩB = ∇
BΩ̂B = 0, (4.14)
which reduce to (4.3) in the flat limit. So the conditions of (4.13) and (4.14) for the
primary vertex operator describing on-shell fluctuations of the AdS5 × S
5 background
closely resemble the conditions of (4.2) and (4.3) for the primary vertex operator describing
the massless Type IIB supergravity fields in a flat background.
5. Concluding Remarks
In this paper we have shown that the structure of physical vertex operators for on-shell
fluctuations around the AdS5 ×S
5 background closely resembles the structure of massless
vertex operators in a flat background. This is true both for the gauge-invariant form of
the vertex operators and for the gauge-fixed form of the primary vertex operators.
The next step is to compute tree-level scattering amplitudes involving the AdS5 × S
5
vertex operators. Since massless tree amplitudes are straightforward to compute in a
flat background using the pure spinor formalism [1][10], it is quite encouraging that the
physical vertex operators corresponding to on-shell fluctuations around the AdS5 × S
5
background are described by superfields which closely resemble those in a flat background.
Of course, to compute superstring scattering amplitudes, one also needs to know the OPE’s
of the worldsheet fields. In a flat background, they are free-field OPE’s, however, in an
AdS5 × S
5 background, the OPE’s are complicated because of non-holomorphicity of the
currents. Nevertheless, it might be possible to deduce their form by requiring that they
are invariant under the AdS isometries and that they reduce to the appropriate free-field
OPE’s in the flat limit.
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